This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



esp@cenet - Docximent Bibliography and Abstract 



Page 1 of 1 



EXCITATION LIGHT SOURCE DEVICE 



Patent Number: 



JP2001 308422 



Publication date: 



2001-11-02 

TANAKA KANJI; EMORI YOSHIHIRO; KAWASHIMA HIROSHI 
FURUKAWA ELECTRIC CO LTD:THE 



Inventor(s): 
Applicant(s): 



Requested Patent: □ JP2001 308422 
Application Number: JP20000119458 20000420 
Priority Number(s): 

IPC Classification: H01S3/094; G02B6/122; G02B6/287; G02B6/293; H04B10/02 

EC Classification: 

Equivalents: 



PROBLEM TO BE SOLVED: To provide an excitation light source device which enables to multiplex the 
excitation light of many wavelengths and output with high power. 

SOLUTION: This excitation light source device consists of excitation light sources 1 each of which 
outputs an excitation light of a different wavelength from the others, and a wavelength multiplexer 2 each 
of which multiplexes a light of a different wavelength from the others. Each excitation light source 1 is 
provided with a laser diode 101a through 108b, and an excitation light output fiber 8 which forms a 
gratings 22 reflecting light of a different wave length from each other. To four light input parts 201 , 202, 
207 and 208 of the wavelength multiplexer 2, light output parts of a polarized synthesizer 3 which 
multiplexes two polarized wave lights with different polarized wave states from each other are 
connected, respectively. To the light output part of each polarized wave synthesizer 3, the two excitation 
light sources 1 which output polarized light with different polarized wave state and different wave length 
from the other are connected, respectively. The excitation light sources 1 are connected to light input 
parts 203, 204. 205 and 206. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIFnON 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the excitation light 
source equipment for light amplifier used by the optical long submarine transmission system 
of especially a wavelength division multiplex transmission system and a transmission distance 
etc. about the excitation light source equipment applied to the light amplifier for optical 
communication. 
[0002] 

[Description of the Prior Art] In recent years, the wavelength division multiplex transmission 
system is examined briskly. A wavelength division multiplex transmission system is a system 
which carries out two or more multiplex [ of the lightwave signal of wavelength which is 
different in one optical fiber as an optical transmission line ], and transmits it, and since it can 
expand transmission capacity by wavelength multiplex, it is in the limelight. 
[0003] In the wavelength division multiplex transmission system, making it transmit, a light 
amplifier being prepared in the middle of an optical transmission line, and amplifying 
transmission light (lightwave signal) by this light amplifier is performed. As a light amplifier, 
application of the optical fiber type light amplifier which can make a lightwave signal amplify 
with light is effective, and, generally the erbium dope optical fiber type light amplifier 
(EDFA) which used the erbium dope optical fiber is used now. 

[0004] By the way, in the above-mentioned wavelength division multiplex transmission 
system, a wavelength multiplicity is increased, the attempt which is going to increase the 
amount of transmissions is made, and it considers extending a wavelength-range region as one 
method of increasing a wavelength multiplicity. 

[0005] However, though the above EDFA used as an object for wavelength multiplex 
transmission systems has only a maximum of 30nm gain band, but lengthens the length of an 
erbium dope optical fiber even if and generally extends the gain band of EDFA to a long 
wavelength side, the gain band of EDFA is about a maximum of 60nnL And the gain of 
EDFA had the wavelength dependency, and since the gain flat nature in a gain band was not 
good, when EDFA was applied to a wavelength multiplex transmission system, it also had the 
problem of needing the gain flattening equipment which performs gain flattening of EDFA. 
[0006] Then, recently, the Raman amplification type light amplifier using the optical fiber 
with high nonlinearity has attracted attention as a light amplifier replaced with EDFA. This 
Raman amplification typo light amplifier uses the Raman effect produced when nonlinearity 
inputs an excitation light strong against a high optical fiber. 

[0007] In order for gain flat nature to realize good Raman amplification, when multiplexing 
two or more excitation light from which wavelength differs mutually [ the narrow frequency 
interval of about 1 THz ] is called for and it inputs this multiplexed excitation light into an 
optical fiber with high nonlinearity, even if it does not use gain flattening equipment, 
realization of the Raman amplification type light amplifier which has high gain by the wide 
band lOOnm or more can be aimed at. 
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[0008] As an example of the equipment using Raman amplification, the example which 
multiplexes the light of the wavelength of 12 which weaves in the wavelength interval of 
7.5nm and the wavelength interval of 15nm, and is mutually dilferent in the range with a 
wavelength of I405mn - 15 lOnm is reported to well-known reference " Y.Emori et al. and 
OFC99 PD-19;' 

[0009] The composition of the excitation light source equipment used for the above- 
mentioned wavelength multiplexing is shown in dj livmi;;^ J , and is constituted by the 
excitation light source 1 which outputs the 12 above-mentioned waves (it sets to this drawing 
and is lambdal, lambda2, Iambdal2) of light, respectively, and the wavelength 
multiplexing machine 2 which multiplexs the light of the above-mentioned wavelength 
outputted from each excitation light source 1. 

[0010] The wavelength multiplexing machine 2 has two or more Mach TSUENDA 
interference pattern multiplexing meanses 6 as shown in clj:..iu:mi_Li . As shown in this 
drawing, the Mach TSUENDA interference pattern multiplexing means 6 is formed of two 
arms (optical path) 35, multiplexs and transmits the light (this drawing lambdaa, lambdab) 
from wtuch the wavelength by which incidence is carried out from the incidence side [ 2 ] 
transmission lines 5a and 5b, respectively differs to outgoing radiation side [ 1 ] transmission- 
line 5c. In addition, the wavelength multiplexing machine 2 shown in drawin g 13 is formed of 
the optical waveguide circuit, and the above-mentioned arm 35 is formed of the core of an 
optical waveguide circuit in this case. 

[001 1] As shown in drawing 14 , between the incidence side transmission lines 5a and 5b of 
the Mach TSUENDA interference pattern multiplexing means 6, and outgoing radiation side 
transmission- line 5c, two directional couplers 12 and optical-path- length **** 13 inserted into 
these directional couplers 12 are formed, and the length of two arms 35 differs mutually in 
this optical-path-length **** 13. The wavelength interval of the light it multiplexs [ light ] by 
the Mach TSUENDA interference pattem multiplexing n^ans 6 is determined by the 
difference of the length of the arm 35 in optical-path-length **** 13. 

[0012] As shown in drawing 13 , the aforementioned wavelength multiplexing machine 2 has 
two or more Mach TSUENDA interference pattem multiplexing meanses 6 of the 1st step of 
the above-mentioned composition in the incidence side of Ught (installing six pieces in this 
drawing). The Mach TSUENDA interference pattem multiplexing means 6 of the 2nd step 
which carries out optical multiplexing of the optical output of the Mach TSUENDA 
interference pattern multiplexing means 6 per pair of these 1st step further is connected. A 
total of 1 1 Mach TSUEIsTDA interference pattem multiplexing meanses 6 are connected to 
four steps, and it is formed so that it may say that optical multiplexing of the optical output of 
a pair of Mach TSUENDA interference pattem multiplexing means of the preceding 
paragraph is further carried out with a latter Mach TSUENDA interference pattem 
multiplexing means. 
[0013] 

[Pxx)blem(s) to be Solved by the Invention] By the way, in a Mach TSUENDA interference 
pattern multiplexing means 6 to constitute the above wavelength multiplexing machines 2, 
consideration is required for the design of a directional coupler 12. Loss will become large if 
joint efficiency by the directional coupler 12 of the wavelength which inputs it into the optical 
input section (cross port) 30 of the side which intersects the output section 32 of the Mach 
TSUENDA interference pattem multiplexing means 6 since the joint efficiency of a 
directional coupler 12 has the wavelength dependency is not made about 50%. In addition, 
this is indicated by the registration patent No. 2557966. 

[(X)14] However, in the wavelength multiplexing machine 2 of excitation light source 
equipment as shown in drawing 13 , a design whose number of a Mach TSUENDA 
interference pattem multiplexing means 6 to form the wavelength multiplexing machine 2 



period of the optical multiplexing means prepared in the n-th step, and the accomplished 
composition. 

[0021] Furthermore, in addition to the composition of the above 2nd or the 3rd invention, the 
4th invention meikes the aforementioned optical multiplexing means a means to solve a 
technical problem with the composition made into the Mach TSUENDA interference pattern 
multiplexing means equipped with two directional couplers, respectively. 
[0022] Furthermore, in addition to the composition of invention of the above 4th, the 5th 
invention makes the aforementioned directional coupler a means to solve a technical problem 
with the composition used as the melting type fiber coupler. 

[0023] Furthermore, in addition to the composition of invention of the above 4th, the 6th 
invention malces the aforementioned Mach TSUENDA interference pattern multiplexing 
means a means to solve a technical problem with the composition formed by the optical 
waveguide circuit. 

[0024] Furthermore, in addition to the composition of the above 2nd or the 3rd invention, the 
7th invention makes the aforementioned optical multiplexing means a means to solve a 
technical problem with the composition used as the melting type fiber coupler. 
[0025] In the one or more optical input sections of the wavelength multiplexing machine 
which multiplexs the light of two or more mutually different wavelength in this invention of 
the above-mentioned composition Since the polarization composition machine which 
multiplexs two polarization light from which a polarization state differs mutually is connected 
and the two excitation light sources which output the polarization light from which a 
polarization state and wavelength differ mutually are connected to this polarization 
composition machine It is multiplexed with a polarization composition vessel and the 
polarization light outputted from the two excitation light sources, respectively is inputted into 
a wavelength multiplexing machine. 

[0026] Although the number of the optical input section prepared in a wavelength 
multiplexing machine was required in the composition of conventional excitation light source 
equipment as shown in drawing 13 the number of waves (this drawing 12 pieces) it multiplexs 
[ number ] with a wavelength multiplexing vessel Since the polarization light from which a 
polarization state and wavelength differ mutually is multiplexed with a polarization 
composition vessel in this invention and the multiplexing light is inputted into a wavelength 
multiplexing machine from the one or more optical input sections of a wavelength 
multiplexing machine For exan^le, as shown in drawing 1 , when the number of excitation 
light source equipment is the same, it becomes possible to lessen the number of the optical 
input section prepared in a wavelength multiplexing machine only several arrangement 
minutes of a polarization composition machine. 

[0027] If what connects two or nx)re steps and forms optical multiplexing meanses, such as 
for example, a Mach TSUENDA interference pattern multiplexing means, is generally used 
and the number of the optical input section increases in this kind of wavelength multiplexing 
machine, especially a wavelength multiplexing machine it — following — the number and the 
number of stages of an optical multiplexing means — many - not carrying out, although it did 
not obtain but the increase in the insertion loss of the wavelength multiplexing machine 
accompanying it was a problem Since the number of the optical input section prepared in a 
wavelength multiplexing machine can be lessened only several arrangement minutes of a 
polarization composition machine in this invention the number and the nunaber of stages of an 
optical multiplexing means which form a wavelength multiplexing machine can be reduced, 
the problem of the fonnation of wavelength-range region narrow width of face of the 
multiplexing light which was a problem can be reduced in a wavelength multiplexing machine 
with many number of stageses, the insertion loss of a wavelength multiplexing machine is 
boiled markedly, and reduction becomes possible 



there are 1 1 pieces and four steps of number of stageses, the wavelength it multiplexs [ 
wavelength ] with the Mach TSUENDA interference pattern multiplexing means 6 whose 
number is one becomes complicated, and makes the above-mentioned joint efficiency about 
50% is difficult. 

[0015] Moreover, the wavelength multiplexing machine 2 applied to the above-mentioned 
excitation Ught source equipment also has many connection number of stageses of the Mach 
TSUENDA interference pattern multiplexing means 6. Since the bandwidth of each 
wavelength it multiplexs [ wavelength 1 with the wavelength multiplexing vessel 2 becomes 
narrow as the number of stages of the Mach TSUENDA interference pattern multiplexing 
means 6 increases. In the wavelength multiplexing machine 2 with many connection number 
of stageses of the Mach TSUENDA interference pattern Ught multiplexing machine 6, since it 
becomes impossible for every [ of the spectral band width (bandwidth) of each excitation light 
/ a part ] to penetrate the wavelength multiplexing machine 2 and the insertion loss of the 
wavelength multiplexing machine 2 size-comes to come m connection with it, multiplexing 
excitation luminous intensity will decrease. 

[0016] Therefore, the Raman amplification type light amplifier of the above-mentioned 
proposal using this wavelength multiplexing machine 2 was not able to raise Raman 
amplification efficiency. 

[0017] this invention is accomplished in order to solve the above-mentioned technical 
problem, and the purpose is in offering the excitation light source equipnient which 
multiplexs and can output the excitation light of much wavelength by high power so that 
improvement m the Raman amplification efficiency of a Raman amplification type light 
amplifier can be aimed at. 
[0018] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this 
invention has the following composition and makes it the The means for solving a technical 
problem Namely, the 1st invention has the wavelength multiplexing machine which 
multiplexs the light of two or more mutually different wavelength. The optical output section 
of the polarization composition machine which multiplexs two polarization Ught from which a 
polarization state differs mutually is connected to the one or more optical input sections of 
this wavelength multiplexing machine. It is considering as a means by which the two 
excitation light sources which output the polarization light from which a polarization state and 
wavelength differ mutually to the optical input section of this polarization composition 
machine solve a technical problem with the composition connected, respectively. 
[0019] Moreover, it has two or more optical multiplexing meanses of the 1st step for the 2nd 
invention to multiplex the light from which the wavelength to which incidence of the 
aforementioned wavelength multiplexing machine is carried out from an incidence side [ 2 ] 
transmission line, respectively differs in addition to the composition of invention of the above 
1st, and to transmit to one outgoing radiation photometry transmission line. So that the optical 
multiplexing means of the 2nd step which carries out optical multiplexing of the optical 
output of the optical muhiplexing means per pair of these 1st step further may be connected 
and the optical output of a pair of optical multiplexing means of the preceding paragraph may 
be referred to as carrying out optical multiplexing further with a latter optical multiplexing 
means It is considering as a means to solve a technical problem with the composition which 
connects an optical multiplexing means to two or more steps, and is formed. 
[0020] Furthermore, the multiplexing light center wavelength the 3rd invention multiplexs [ 
wavelength ] by the optical multiplexing means of each above in addition to the composition 
of invention of the above 2nd has the pecuUar period, respectively, (n-1) The peculiar period 
of the optical multiplexing means prepared in eye the stage (n is two or more integers) is 
made into a means to solve a technical problem with the integral multiple of the peculiar 



[0028] Therefore, this invention becomes possible [ offering the excitation light source 
equipment which multiplexs and can output the excitation light of much wavelength by high 
power 1, and, thereby, becomes possible [ aiming at improvement in the Raman amplification 
efficiency of a Raman amplification type light amplifier ]. 
[0029] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained 
based on a drawing. In addition, in explanation of this example of an operation form, the same 
sign is given to the same name portion as the conventional example, and the duplication 
explanation is omitted. The example of the 1st operation form of the excitation light source 
equipment concerning this invention is shown in drawi ii^j: i . 

[()030] As shown in this drawing, the excitation light source equipment of this example of an 
operation form has the wavelength multiplexing machine 2 which multiplexs the excitation 
light source I of plurality (this drawing 12 pieces) which outputs the excitation light of 
mutually different wavelength (lambda 1 a, lambdal b, lambda2a, ... lambdaSb), and the light 
of two or more mutually different wavelength, each excitation light source 1 - laser diodes 
101a and 102b and ... it has 108b and the excitation optical output fiber 8, and the grating 
(fiber grating) 22 which reflects the light of the above-mentioned wavelength mutually 
different, respectively is formed in each excitation optical output fiber 8 
[0031] The optical output section of the polarization composition machine 3 which multiplexs 
two polarization light from which a polarization state differs mutually through the optical 
input fiber 9 and a depolarizer 5, respectively is connected to the one or more (this drawing 
four) optical input sections (input port) 201,202,207,208 of the wavelength multiplexing 
machine 2. The optical output section of the two excitation light sources 1 which output the 
polarization light from which a polarization state and wavelength differ mutually, respectively 
is connected to the optical input section of these polarization composition machines 3, 
respectively. 

[0032] The two excitation light sources 1 connected to each polarization composition machine 
3 are constituted so that one of these may output a linearly polarized wave and another side 
may output a horizontally polarized* wave. Moreover, since the polarization composition 
machine 3 has the function which multiplexs the polarization of the band containing the light 
of the wavelength outputted from the two excitation light sources 1 which correspond, 
respectively with low loss, composition of the above-mentioned horizontally polarized wave 
with the polarization composition machine 3 and a vertically polarized wave is performed 
very much with low loss. 

[0033] Furthermore, in this example of an operation form, polarization dependency loss of the 
wavelength multiplexing machine 2 has suppressed the influence which it has on multiplexing 
light with the wavelength multiplexing machine 2 by making into a non-polarization state the 
polarization state of the excitation light of the above-mentioned linearly polarized wave and a 
horizontally polarized wave which carried out polarization conqx)sition with the polarization 
composition vessel 3 by forming a depolarizer 5 in the output side of the polarization 
composition machine 3. 

[0034] Every one excitation light source 1 is connected to the optical remaining input section 
(input port) 203,204,205,206 of the aforementioned wavelength multiplexing machine 2 
through the optical input fiber 9, respectively. In addition, this example of an operation form 
is also changing into the non-polarization state the light from the excitation light source 1 
connected to the optical input section 203,204,205,206. 

[00351 lambdala from which the reflected light wavelength of the aforementioned grating 22 
currently formed in each excitation light source 1 differs mutually, lambdal b, lambda2a, and 
... the laser diodes 101a and 102b to which it is 12 kinds of wavelength to lambdaSb, and each 
grating 22 corresponds, and ... it functions as an external resonator of 108b Thus, by operating 



a grating 22 as an external resonator, the output of the reflected light wavelength (lambda 1 a, 
lambdal b, lambda2a, ... lambdaSb) of each grating 22 is enabled by narrow oscillation- 
spectrum width of face from each excitation light source I, and the output of each excitation 
light source 1 is made stable. 

[0036] as shown in diavsi;ju_: , using the flame depositing method (N.Takato etal, 
J. Lightwave Tech., voll6, and pp. 1003-1010 - refer to 1988 times), the aforementioned 
wavelength multiplexing machine 2 forms the lower clad layer 18 and the core circuit 10 in 
order on a silicon substrate 19, and is formed of the optical waveguide circuit which 
embedded the core circuit 10 in the up clad layer 17 further [ for example, ] In addition, 
detailed explanation of the formation method of the optical waveguide circuit by the flame 
depositing method is omitted. 

[0037] As shown in drawi ng I , the core circuit 10 has two or more Mach TSUENDA 
interference pattern multiplexing meanses 6 as an optical multiplexing means to form the 
wavelength multiplexing machine 2, and is carrying out two or more (four pieces) side-by- 
side installation of the Mach TSUENDA interference pattem multiplexing means 6 (6c 1 to 
6c4) of the 1st step at the optical input section 201-208 side. 

[0038] Moreover, the Mach TSUENDA interference pattem multiplexing means 6 (six bl, six 
b2) of the 2nd step which carries out optical multiplexing of the optical output of the Mach 
TSUENDA interference pattem multiplexing means 6 per pair further among these Mach 
TSUENDA interference pattem multiplexing meanses 6 is connected, and it is a pair of Mach 
TSUENDA interference pattem multiplexing means 6 (in this case) of the preceding 
paragraph. So that it may say that optical multiplexing of the optical output of 6c 1 to 6c4 is 
further carried out with the latter Mach TSUENDA interference pattem multiplexing means 6 
(six bl, six b2) in this example of an operation form [ in this case ] A total of seven Mach 
TSUENDA interference pattem multiplexing meanses 6 (6a-6c4) are connected to two or 
more steps (here three steps), and the core circuit 10 is formed. 
[0039] Moreover, in this example of an operation form, the multiplexing light center 
wavelength it multiplexs [ wavelength ] by each Mach TSUENDA interference pattem 
multiplexing means 6 has the peculiar period, respectively, and the peculiar period of the 
Mach TSUENDA interference pattem multiplexing means 6 prepared in eye the stage (n-1) (n 
is two or more integers) is accomplished with the integral multiple of the peculiar period of 
the Mach TSUENDA interference pattem multiplexing means 6 prepared in the n-th step. 
[0040] In addition, the 2nd step of Mach TSUENDA interference pattem multiplexing means 
six bl and the peculiar period of six b2 are specifically accomplished with the double 
precision of the peculiar period of the 3rd step of Mach TSUENDA interference pattem 
multiplexing means 6a Furthermore, the pecuUar period of the Mach TSUENDA interference 
pattem multiplexing means 6cl to 6c4 prepared in the 1st step is accomplished with the . 
double precision of the Mach TSUENDA interference pattem multiplexing means six bl 
prepared in the 2nd step, and the peculiar period of six b2. 

[0041] The period with the pecuUar multiplexing light center wavelength it multiplexs [ 
wavelength ] by the above-mentioned Mach TSUENDA interference pattem multiplexing 
means 6 is determined by the design of the wavelength multiplexing machine 2 shown below. 
Hereafter, the design method of the wavelength multiplexing machine 2 id this example of an 
operation form is explained briefly. 

[0042] Like the above, light wave length (multiplexing light center wavelength it can 
multiplex [ wavelength ] with low loss by Mach TSUENDA interference pattem multiplexing 
means 6) lambdaa outputted with low loss from outgoing radiation side transmission- line 5c 
among the light which carries out incidence from each incidence side transmission lines 5a 
and 5b of the Mach TSUENDA interference pattem multiplexing means 6 which the basic 
composition of the Mach TSUENDA mterference pattem multiplexing means 6 is shown to 



^li -!iiini;_L4 , and is shown in this drawing, and lambdab are wavelength expressed with the 
respectively following formulas. 
[00431 lambda a=a-delta L/m ...... (I) 

[0044] 

lambdab=n-deltaL/(nw-l/2) (2) 

[0045] Here, n is [ an optical-path- length difference and m of the refractive index ot an optical 
transmission line and deltaL ] integers. In addition, the optical input section 30 of incidence 
side transmission-line 5a which crosses to outgoing radiation side transmission- line 5c and the 
optical output section 32 is caUed cross port like the above, and the optical input section 31 ot 
incidence side transmission-line 5b not crossing is called through port. 
[0046] Fiom a formula (1) and (2), like a formula (3), the multiplexing wavelength of the 
Mach TSUENDA Interference pattern multiplexing means 6 sets the velocity of light to c, and 
appears periodically in fixed frequency interval deltaf. 
[00471 

deltaf=c/(2n-deltaL) (3) 

[0048] The example of a light-transmission wavelength property of the Mach TSUENDA 
interference pattern multiplexing means 6 shown in druwiniLli »s shown in (a) of d.rau.i! -J: • 
In the Mach TSUENDA interference pattern multiplexing means 6 it is shown in a formula 
(3) - it needs - etc., as it is frequency interval deltaf. for example, is shown in the ultimate 
lines a and b of (a) of drawiiiu 6 The peak of low loss appears, and as shown in ultimate lines 
a, the low loss peak wavelength in the transmitted wave length property of the hght inputted 
fi^om a cross port (it sets to drawing 14 and is the optical input section 30) becomes lambdaal, 
lambdaa2, lambdaa3, lambdaa4, and ... (a peak frequency interval is 2anddeltaf). In addition, 
the ultimate lines b of (a) of this drawing show the transmitted wave length property of the 
light inputted from a through port (it sets to drawing 14 and is the optical input section 31). 
[0049] As shown in drawing 5 . supposing it forms this Mach TSUENDA interference pattern 
multiplexing means 6 in the output section 14 side of the wavelength multiplexing machine 2 
as Mach TSUENDA interference pattern multiplexing means 6a Mach TSUENDA 
interference pattern multiplexing means 6a wUl multiplex, and can output the light of the 
wavelength lambdaal inputted into Mach TSUENDA interference pattern multiplexmg means 
6a from the optical input section 505 (cross port), lambdaa2, lambdaaS, lambdaa4, and ... 
ftxjm the optical output section 14. 

[0050] Moreover, as shown in this drawing, when Mach TSUENDA interference pattern 
multiplexing means 6b is connected to the preceding paragraph of Mach TSUENDA 
interference pattern multiplexing means 6a, By designing optical-path-length difference 
deltaL in Mach TSUENDA interference pattern multiplexing means 6b of the side (precedmg 
paragraph) to connect in the half of the optical-path- length difference in latter Mach 
TSUENDA interference pattern multiplexing means 6a Let frequency interval deltaf of Mach 
TSUENDA interference pattern multiplexing means 6b of the preceding paragraph be the 
double precision of latter Mach TSUENDA interference pattern multiplexing means 6a. If it 
does so. the Ught-transmission property of Mach TSUENDA interference pattern multiplexmg 
means 6b will turn into a property shown in (b) of drawing 6 . 

[0051] In addition, the transmitted wave length property of Ught that ultunate hnes a are 
inputted in (b) of drawing 6 from a cross port (it sets to drawing 5 and is the optical input 
section 501), Ultimate lines b show the transmitted wave length property of the light mputted 
from a through port (it sets to drawing 5 and is the optical input section 502). Mach 
TSUENDA interference pattern muhiplexing means 6b It wUl multiplex and the Ught of the 
wavelength lambdaal inputted from the optical input section 501, lambdaaS, and ... and the 
light of the wavelength lambdaal inputted from the optical input section 502, lambdaa4, and 
... can be outputted. 



r00521 And by combining MachTSUENDA interference pattern multiplexing mean 6b and 
^ch TS?^I^DA interference pattern multiplexing means 6a, the transmitted wave length 
prSX of the light which it is inputted from the optical input section 501, and is outpmted 
from S optical output section 14 turns into a property shown m the ultimate Imes a ot ot 

p i r? with low loss, it will be multiplexed and the light ot wavelength lambdaal 
lambdaS 'and wUl be outputted. Moreover, the transmitted wave length property ot the 
Irh^wShTis mputted from the optical input section 502, and is outputted from the optical 
output section 507 turns into a property shown in the ultimate lines b ot (c) of^ 
with low loss, it will be multiplexed and the light ot wavelength lambdaa2, lambdaa4, and ... 

msf] Mo^vet when connecting the Mach TSUENDA interference pattern multiplexing 
^eS 6 to the pr'eceding paragraph of Mach -^SUE^^f ^^erf^^^^^^^ l^t" 
means 6b fiirther, like the above, the peculiar period of the Mach TSUENDA interterence 
^t^m muurplexing means 6 is detennined, it is made to correspond to it and the optical- 

S'TS'th"^^^^^^ of the wavelength multiplexing machine 2. by thus, the 

E T?^^ A i^^rference pattern multiplexing means 6 by the side of the optical output 
2Sonl4^ng MachTSUENDA interference pattern multiplexing meanses 6 to constitute 
S ZeS muWplexing machine 2 So that the output Ught from all the excitation bgh 
^ur^ 1 iSed" the wavLngth multiplexing machine 2 can be -^^f^V^^f.^^^^^^^^ 
L pecuUar multiplexing Ught center wavelength it multiplexs [ ^^"^ 
TSl^NDA interference pattern multiplexing n^ans 6 (^^.^^^^^^^ "^^^^^^^^^^ of 
determined. It is made to correspond to this period, oP^^^^l-P^^'^f 
the Mach TSUENDA interference pattern multiplexing means 6 is deternmied, and the 
^c^^ pSod ^fhe optical-path-length difference are determined one by one as men loned 
S^ve atoTa Mach TSl^NDA interference pattern multiplexing means 6 to 
^^ecedSg P^agraph of this Mach TSUENDA interference pattern multiplexing means 6. 
S^Suflt^oeri the wavelength multiplexing machine 2 which can multiplex the output 
L^t ^m r^^Xa^^^^ Ught'sources 1 linked to the wavelength multiplexmg machine 2 

r0^56nt wS ^^lorrTgt transmission property in case the Ught w^ch de™^^ 
multinlexine Ught center wavelength it multiplexs [ wavelength ] by each Mach TSUENDA 
Z^^^'p^r^^me^^^ -ans 6 to form the --^^^^ ^^^".^^^^ 

— ^tTm^^^sr^^^^^ 

Sn 202'is outputted from the optical output section 14 ^^^J^^^^^^^^/,^,^^ 
interference pattern multiplexing means 6cl SIX bl, '^^^^J^ 
in (b) of this drawing, and in this example of an operation form^^hen ^^^8^°;^^^^^^^ 
lambda2a and lambda2b is inputted from the optical input f '^f^^^ ^02 with tt« ^^^^^ 
multiplexing vessel 2, it is multiplexed with low loss and the hght of such wavelength is 

outputted from the optical output section 14. innntted from the optical 

rnn«i Moreover the Ueht-transmission property m case the hght inputted irom ine opucoi 



means 6c2, six bl, and 6a in order, respectively is similarly shown in (c) of this drawing, and 
(d). In this example of an operation form, when the light of wavelength lambda 3 is inputted 
from the optical input section 203 and the light of wavelength lambda 4 is inputted from the 
optical input section 204, with the wavelength multiplexing vessel 2, it is multiplexed with 
low loss and the light of such wavelength is outputted from the optical output section 14. 
[0059] Furthermore, the light-transmission property in case the light inputted from the optical 
input section 205 and the light inputted from the optical input section 206 are outputted to (a) 
of slm^iOn^^ and (b) from the optical output section 14 through the Mach TSUENDA 
interference pattern multiplexing means 6c3, six b2, and 6a in order, respectively is shown. In 
this example of an operation form, when the light of wavelength lambda 5 is inputted from the 
optical input section 205 and the light of wavelength lambda 6 is inputted from the optical 
input section 206, with the wavelength multiplexing vessel 2, it is multiplexed with low loss 
and the Ught of such wavelength is outputted from the optical output section 14. 
[0060] Furthermore, the light-transmission property in case the light inputted from the optical 
input section 207 is outputted to (c) of this drawing from the optical output section 14 through 
the Mach TSUENDA interference pattern multiplexing means 6c4, six b2, and 6a in order is 
shown. In this example of an operation form, when the light of wavelength lambda7a and 
lambdaTb is inputted fix>m the optical input section 207, with the wavelength multiplexing 
vessel 2, it is multiplexed with low loss and the light of such wavelength is outputted from the 
optical output section 14. 

[0061] Furthermore, the light-transmission property in case the Ught inputted from the optical 
input section 208 is outputted to (d) of this drawing from the optical output section 14 through 
the Mach TSUENDA interference pattern multiplexing means 6c4, six b2, and 6a in order is 
shown. In this example of an operation form, when the light of wavelength Iambda8a</SUB>, 
and lambdaSb is inputted from the optical input section 208, with the wavelength 
multiplexing vessel 2, it is multiplexed with low loss and the Ught of such wavelength is 
outputted from the optical output section 14. 

[0062] in addition — each — wavelength lambdala, lambda lb, and ... the concrete value of 

lambdaSb is a value shown in Table 1 

[0063] 

Table 1] 
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[0064] Wavelength lambdala which this example of an operation forni is constituted as 
mentioned above, and is outputted from the excitation light source 1, It is multiplexed with 
the polarization composition vessel 3, and the light of lambdalb is inputted into the optical 
input section 201 of the wavelength multiplexing machine 2. Similarly, it is multiplexed with 



the polarization composition vessel 3, and the Ught of wavelength lambda2a and lambda2b is 
inputted into the optical input section 202 of the wavelength multiplexing machine 2. It is 
multiplexed with the polarization composition vessel 3, and the Ught of wavelength lambdaTa 
and lambdaTb is inputted into the optical input section 207 of the wavelength multiplexing 
machine 2, it is multiplexed with the polarization composition vessel 3, and the light of 
wavelength lambdaSa and lambdaSb is inputted into the optical input section 208 of the 
wavelength multiplexing machine 2. 

[0065] Moreover, the light of wavelength lambda3, lambda4, lambdaS, and lambda6 is 
inputted into the optical input section 203,204,205,206 of the wavelength multiplexing 
machine 2, respectively. 

[0066] the function of the wavelength multiplexing machine 2 right [ that ], then above- 
mentioned — each -- wavelength lambdala, lambdalb, and ... with the wavelength 
multiplexing vessel 2, it is multiplexed with low loss and the excitation Ught of lambdaSb is 
outputted from the optical output section 14 of the wavelength multiplexing machine 2 
[0067] According to tliis example of an operation form, four polarization composition 
machines 3 are formed in the optical input side of the wavelength multiplexing machine 2. By 
considering as the composition which inputs the light it multiplexed [ light ] with these 
polarization composition vessels 3 into the optical input section 201,202,207,208 to which the 
wavelength multiplexing machine 2 corresponds, respectively Since the total of the Mach 
TSUENDA interference pattern multiplexing means 6 which was required for 1 1 pieces can 
be made into seven pieces in the excitation light source equipment of drawing 13 and the 
connection number of stages of the Mach TSUENDA interference pattem light multiplexing 
means 6 can be made few to three steps from four steps in the conventional wavelength 
multiplexing machine 2, the problem of the formation of wavelength-range region narrow 
width of face of the multiplexing light which was a problem is solved, and the insertion loss 
of the wavelength multiplexing machine 2 can be markedly boiled compared with the 
conventional example, and can be made small 

[0068] Moreover, since it is that to which multiplexing of polarization with each polarization 
composition machine 3 is performed very much with low loss, let the excitation light source 
equipment of this example of an operation form be the outstanding excitation light source 
equipment which multiplexs with low loss very much and can output the excitation light 
outputted fix)m each excitation light source 1 from the optical output section 14. 
[0069] Therefore, if the excitation Ught source equipment of this example of an operation 
form is applied to a Raman an^^lifying device, Raman amplification with good excitation 
efficiency and gain flat nature can be enabled. 

[0070] Next, the example of the 2nd operation form of the excitation light source equipment 
concerning this invention is explained. The example of a **** 2 operation form is constituted 
ahnost like the above-mentioned example of the 1st operation form, and the characteristic . 
thing which the example of a **** 2 operation form differs fit)m the above-mentioned 
example of the 1st operation form is having considered as wavelength lambda7b' which 
shows the wavelength of the excitation light outputted from laser diode 107b in (c) and Table 
2 of drawing 4 . 
[0071] 
[Table 2] 





h 




1411 


207 




1418 


202 


A 2a 


1424 


205 


1 c 
Ad 


1431 


tWf 


A *• 


mx 




X Am 
A OB 




201 


A 1« 


14S2 


206 


X6 


1459 


203 


A3 


1474 


202 


;i2b 


1496 


208 


A. 8b 


1503 


201 


Alb 


U26 


207 


A7b' 



[0072] The Ught of this wavelength is the wavelength of the low loss peak which separated 
two from the peak of wavelength lambdaTa, as shown in this drawing. Thus, two wavelength 
it multiplexs [ wavelength ] with the polarization con^sition vessel 3 does not need to be 
peaks which low loss adjoins in the light-transmission property of the optical 
multi/demuUtipIexer 2, and should just be the wavelength of the area within a wavelength 
range with the polarization composition machine 3 which can be multiplexed. 
[0073] the example of a **** 2 operation form is constituted as mentioned above -- having -- 
**** „ the operation as the above-mentioned example of the 1st operation form also with the 
same example of a **** 2 operation form- wavelength lambdala. lambdalb, and ... the 
excitation Ught of lambda7a, lambda7b', lambdaSa. and lambdaSb can be multiplexed with 
low loss, and the same effect can be done so 

[0074] The important section composition of the example of the 3rd operation form of the 
excitation Ught source equipment concerning this invention is shown in drawin>^ 7 . The 
example of a **** 3 operation form is constimted almost Uke the above-mentioned example 
of the 1st operation form, and the characteristic thing which the example of a **** 3 
operation form differs from the above-mentioned example of the 1st operation form is havmg 
connected two or more steps of MachTSUENDA interference pattern multiplexing meanses 6 
formed by the optical fiber 15 as shown in drawiim 8 , and having formed the wavelength 
multiplexing machine 2. In addition, each optical fiber type Mach TSUENDA interference 
pattern multiplexing means 6 forms the directional coupler 12 with the melting type fiber 

coupler. , . , • 

[0075] Since an optical fiber type Mach TSUENDA interference pattern multiplexmg means 
6 to by_which it has appUed in the example of a **** 3 operation form is what has the same 
function as the Mach TSUENDA interference pattern multiplexing means 6 of the optical 
waveguide circuit appUed in the above-mentioned example of the 1st operation form, it can do 
the same effect so by the operation as the above-mentioned example of the 1st operation form 
also with the same example of a **** 3 operation form. 

[0076] The important section composition of the example of the 4th operation form of the 
excitation Ught souix;e equipment concerning this invention is shown in drawing 9 . The 
example of a **** 4 operation form is constituted almost Uke the above-mentioned example 
of the 3rd operation form, and the characteristic thing which the example of the 4th operatton 
form differs from the above-mentioned example of the 3rd operation form is having 
connected two or more steps of melting type fiber couplers 4 as shown in drawuu^ IQ instead 
of the Mach TSUENDA interference pattern multiplexing means 6, and having formed the 
wavelength multiplexing machine 2. In addition, the melting type fiber coupler 4 is formed of 



the optical fiber 15. 

[0077] Since it was what functions as an optical multiplexing means to multiplex and to 
transmit the light from which the wavelength by which incidence is carried out from the 
incidence side [ 2 ] transmission lines 5a and 5b, respectively differs like the Mach 
TSUENDA interference pattern multiplexing means 6 to one outgoing radiation photometry 
transmission- line 5c, the melting type fiber coupler 4 was also made to apply the melting type 
fiber coupler 4 as an optical multiplexing means in the example of a **** 4 operation form. 
[00781 and the example of a **** 4 operation form like the connection composition of the 
Mach TSUENDA interference pattem multiplexing means 6 in the above 1st - the example of 
the 3rd operation form Two or more (four pieces) side-by-side installation of the melting type 
fiber coupler 4 (4c 1 to 4c4) is carried out in the 1st step. The melting type fiber coupler 4 
(four bl, four b2) of the 2nd step which carries out optical multiplexing of the optical output 
of the melting type fiber coupler 4 per pair of these 1st step further is cotinected. These 
melting type fiber couplers four bl and the melting type fiber coupler 4 (4a) of the 3rd step 
which carries out optical multiplexing of the optical output of four b2 further are connected. 
The melting type fiber coupler 4 is connected to two or more steps (three steps), and the 
wavelength multiplexing machine 2 is formed so that it may say that optical multiplexing of 
the optical output of a pair of melting type fiber coupler 4 of the preceding paragraph is 
further carried out with the latter melting type fiber coupler 4. 

[0079] In addition, the standardization power characteristics Pa and Pb of the light which 
carries out incidence from each incidence side transmission lines 5a and 5b of the melting 
type fiber coupler 4 shown in draw in [Q , and is outputted from outgoing radiation side 
transmission-line 5c are expressed with the respectively following formulas. 
[0080] 

Pa=l-sin2 (2 pi-n-z/lambda) (4) 

[0081] 

Pb=sin2 (2 pi-n-z/lambda) (5) 

[0082] Here, z is the bond length of the melting type fiber coupler 4. Thus, since it can be 
made to express with a sin function the standardization power characteristics Pa and Pb of the 
light which carries out incidence of the melting type fiber coupler 4 from each incidence side 
transmission lines 5a and 5b, and is outputted from outgoing radiation side transmission- line 
5c, the wavelength it can multiplex [ wavelength ] with low loss comes to appear periodically. 
[0083] That is, since a period with the pecuUar multiplexing Ught center wavelength the 
melting type fiber coupler 4 multiplexs [ wavelength ] can be given to each melting type fiber 
coupler 4 by setting up suitably the bond length of the melting type fiber coupler 4 etc., the 
excitation light source equipment of the example of a **** 4 operation form is constituted by 
designing the melting type fiber coupler 4 like the design of the Mach TSUENDA 
interference pattem multiplexing means 6. 

[(X)84] The example of a **** 4 operation form is constituted as mentioned above, and can do 
the same effect so by the operation as each above-mentioned example of an operation form 
also with the almost same example of a **** 4 operation form. 

[CX)85] In addition, this invention is not limited to the above-mentioned example of an 
operation form, and can take the mode of various operations. For example, in each above- 
mentioned example of an operation form, although the number of the excitation light sources 
1 was made into 12 pieces, especially the number of the excitation Ught sources 1 is not 
limited, and is set up suitably. For example, if the polarization composition machine 3 is 
connected to all the optical input sections 201-208 of the wavelength multiplexing machine 2 
when the number of the excitation light sources 1 is made into 16 pieces, the outstanding 
excitation light source equipment which does so the same effect as each above-mentioned 
example of an operation form using the same wavelength multiplexing machine 2 as each 



above- me ationed example of an operation form can constitute. 

[0086] Moreover, especially the output wavelength of the excitation Ught source I can 
constitute the excitation light source equipment \yhich does so the same outstanding effect as 
each above-mentioned example of an operation form by choosing the wavelength it can 
multiplex [ wavelength ] with low loss as output wavelength of the excitation light source I 
based on a Ught-transmission property as not limited, set up suitably, and designed the 
wavelength multiplexing machine 2 suitably, for example, shown in dru a iii- ;> and 4. 
[00871 Furthermore, although the MachTSUENDA interference pattern multiplexing means 6 
was connected to three steps, the melting type fiber coupler 4 was connected to three steps in 
the above-mentioned example of the 4th operation form and the wavelength multiplexing 
machine 2 was formed in the above 1st - the example of the 3rd operation form, especially the 
composition of the wavelength multiplexing machine 2 is not limited, and is set up suitably. 
[0088] That is, the insertion loss of the wavelength multiplexing machine 2 can be reduced by 
making the connection number of stages of the Mach TSUENDA interference pattern 
multiplexing means 6 or the melting type fiber coupler 4 equivalent to the number of 
wavelength it multiplexs [ number ] with the wavelength multiplexing vessel 2, and making it 
into the fewest possible number of stages. Moreover, other optical multiplexing meanses to 
multiplex and to transmit the light from which the wavelength by which incidence is carried 
out from an incidence side [ 2 ] transmission line, respectively differs instead of the Mach 
TSUENDA interference pattern multiplexing means 6 or the melting type fiber coupler 4 to 
one outgoing radiation photometry transmission line are also applicable. 
[0089] For example, the wavelength multiplexing machine 2 which connected and formed in 
two steps an optical multiplexing means to have multiplexed and to transmit the light from 
which the wavelength by which incidence is carried out from an incidence side [ 2 ] 
transmission line, respectively differs to one outgoing radiation photometry transmission line 
is typically shown in drawinii 1 1 , and the optical multiplexing function by the above- 
mentioned optical multiplexing means is hereafter explained to it briefly using this drawing. 
[0090] In addition, in this drawing, the sign 401,402,403 is given to each optical multiplexing 
means, and the multiplexing light center wavelength it multiplexs [ wavelength ] by these 
optical multiplexing meanses 401,402,403 has the pecuUar period, respectively. Moreover, the 
peculiar period of the optical multiplexing means (being n= 2 here the 1st step of optical 
multiplexing means 401,402) prepared in eye the stage (n-1) is accomplished with the integral 
multiple of the peculiar period of the optical multiplexing means 403 prepared in the 2nd step. 
[009 1] Here, when it asks for the insertion loss of the light which inputs from a port 305 and 
is outputted from a port 307 about the optical multiplexing means 403, it is shown in the 
ultimate lines a of (a) of drawiniz 12 , and the ultimate lines a of (b) of this drawing. That is, in 
this case, in the optical multiplexing means 403, it is inputted from a cross port, and die 
multiplexing light center wavelength (main wavelength of the Ught it can multiplex [ Ught ] 
with low loss) it is multiplexed [ wavelength ] becomes lambdaA, lambdaB, lambdaC, 
lambdaD, and ... in addition - although it is inputted from die through port (port 306) of the 
optical multiplexing means 403 and the multiplexing Ught center wavelengdi it is multiplexed 
[ wavelength ] is not Ulustrated in this drawing - the wavelength between lambdaA and 
lambdaB, and die wavelength between lambdaC and lambdaD - since it becomes ... (refer to 
(a) of drawinu 6 ), the pecuUar period of the optical multiplexing means 403 tums into a 
period of the half of deltaS 

[0092] Moreover, if it asks for the insertion loss of the Ught which inputs from a port 301 and 
is outputted from a port 305 about the optical multiplexing means 401, it wUl become what is 
shown in the ultimate lines b of (a) of drawiniz 12 , and the multiplexing light center 
wavelength it multiplexs [ wavelength ] by the optical multiplexing means 401 in this case 
win become lambdaA, lambdaC, and ... If it asks for the insertion loss of the Ught which 



inputs from a port 302 and is outputted from a port 305 about the optical multiplexing means 
401 on the other hand, it wUl become what is shown in the ultimate lines b of (b) of this 
drawing, and the multiplexing light center wavelength it multiplexs [ wavelength ] by the 
optical multiplexing means 401 will become lambdaB, lambdaD, and ... That is, the pecuhar 
period of the optical multiplexing means 401 is deltaS, and serves as double precision of the 
pecuhar period of the optical multiplexing means 403. 

[0093] Thus, by setting up the period of the optical multiplexing means 401 and the optical 
multiplexing means 403, and connecting the optical multiplexing means 403 to the latter part 
of the optical multiplexing means 401 In both ultimate lines a and the ultimate lines b, as it 
will be outputted from a port 307 and shown in the ultimate lines c of (a) of this drawing, only 
the wavelength of a low insertion loss Among the light inputted from a port 301, the light of 
wavelength lambdaA, lambdaC, and ... is outputted with low loss from a port 307, and the 
light of wavelength lambdaB, lambdaD, and ... is outputted with low loss from a port 307 
among the light inputted frt)m a port 302. 

[0094] In this invention therefore, the wavelength multiplexing machine 2 Two or more steps 
connect and an optical multiplexing means to multiplex and to transmit the light from which 
the wavelength by which incidence is carried out from an incidence side [ 2 ] transmission 
line, respectively differs to one outgoing radiation photometry transmission line is constituted. 
By accompUshing with the integral multiple of the peculiar period of an optical multiplexing 
means in which the peculiar period of an optical multiplexing means by which the 
multiplexing light center wavelength it multiplexs [ wavelength ] by each optical multiplexing 
means shall have a respectively peculiar period, and was prepared in eye the stage (n-1) was 
prepared in the n-th step The same effect as each above-mentioned example of an operation 
form can be done so. 

[0095] However, since these production technology, functions, etc. are common knowledge 
when the Mach TSUENDA interference-pattem multiplexing means 6 and the melting type 
fiber coupler 4 constitute the above-mentioned optical multiplexing means, it is easy 
performing production of the wavelength multiplexing machine 2 etc., and the excitation light 
source equipment which does so the effect which was excellent the account of a top can form 
certainly like each above-mentioned example of an operation fonn. 
[0096] 

[Effect of the Invention] Since according to the 1st invention the polarization light from 
which a polarization state and wavelength differ mutually is multiplexed with a polarization 
composition vessel and the multiplexing light is inputted into a wavelength multiplexing 
machine from the one or naore optical input sections of a wavelength multiplexing machine 
The number of the optical input section prepared in a wavelength multiplexing machine can 
be lessened only several arrangement minutes of a polarization composition machine, the 
insertion loss of a wavelength multiplexing machine can be reduced, it multiplexs and the 
excitation light of much wavelength can be outputted by high power. 
[0097] In the 2nd invention which connected two or more steps and formed especially an 
optical multiplexing means for a wavelength multiplexing machine to have multiplexed the 
light fh)m which the wavelength by which incidence is carried out from an incidence side [ 2 ] 
transmission Une, respectively differs, and to transmit to one outgoing radiation photometry 
transmission line, in this invention Since the number of the optical input section of a 
wavelength multiplexing machine can be lessened only several arrangement minutes of a 
polarization composition machine like the above the number and the number of stages of an 
optical multiplexing means which form a wavelength multiplexing machine can be reduced, 
and in a wavelength multiplexing machine with many number of stageses, the problem of the 
formation of wavelength-range region narrow width of face of the multiplexing light which 
was a problem can be suppressed, and the insertion loss of a wavelength multiplexing 



machine can be boiled markedly, and can be reduced 

[0098] Therefore, according to the 1st and the 2nd invention, it becomes possible to offer the 
excitation light source equipment which multiplexs and can output the excitation light of 
much wavelength by high power, and, thereby, improvement in the Raman amplification 
efficiency of a Raman amplification type light amplifier can be aimed at. 
[0099] Furthermore, according to the 3rd invention, the multiplexing light center wavelength 
it multiplexs [ wavelength ] by each optical multiplexing means has the peculiar period, 
respectively, (n-1) Since the peculiar period of the optical multiplexing means prepared in eye 
the stage (n is two or more integers) is accomplished with the integral multiple of the peculiar 
period of the optical multiplexing means prepared in the n-th step By the optical multiplexing 
means connected two or more steps, the excitation light from the excitation light source can 
be multiplexed with low loss, and the excitation light source equipment which does so the 
effect which was excellent the account of a top can be formed certainly. 
[0100] Furthermore, by making an optical multiplexing means into the Mach TSUENDA 
interference pattern multiplexing means equipped with two directional couplers, respectively 
like the 4th - the 7th invention, or considering as a melting type fiber coupler, a wavelength 
multiplexing machine can be produced easily and the excitation light source equipment which 
does the above-mentioned effect so can be offered certainly. [Claim(s)] 
[Claim 1] The excitation light source equipment characterized by to have the wavelength 
multiplexing machine which multiplexs the light of two or more mutually different 
wavelength, and for the optical output section of the polarization composition machine which 
multiplexs two polarization light from which a polarization state differs mutually in the one or 
more optical input sections of this wavelength multiplexing machine to be connected, and to 
be connected the two excitation light sources which output the polarization light from which a 
polarization state and wavelength differ mutually to the optical input section of this 
polarization composition machine, respectively. 

[Claim 2] A wavelength multiplexing machine has two or more optical multiplexing meanses 
of the 1st step to multiplex and to transmit the light from which the wavelength by which 
incidence is carried out ftiom an incidence side [ 2 ] transmission line, respectively differs to 
one outgoing radiation photometry transmission line. So that the optical multiplexing means 
of the 2nd step which carries out optical multiplexing of the optical output of the optical 
multiplexing means per pair of these 1st step farther may be connected and the optical output 
of a pair of optical multiplexing means of the preceding paragraph may be referred to as 
carrying out optical multiplexing further with a latter optical multiplexing means Excitation 
light source equipment according to claim 1 characterized by connecting an optical 
multiplexing means to two or more steps, and being formed. 

[Claim 3] The peculiar period of the optical multiplexing means which the multiplexing light 
center wavelength it multiplexs [ wavelength ] by each optical multiplexing means has the 
peculiar period, respectively, and was prepared in eye the stage (n-1) (n is two or more 
integers) is excitation light source equipment according to claim 2 characterized by having 
accomplished with the integral multiple of the peculiar period of the optical multiplexing 
meems prepared in the n-th step. 

[Claim 4] An optical multiplexing means is excitation light source equipment according to 
claim 2 or 3 characterized by considering as the Mach TSUENDA interference pattem 
multiplexing means equipped with two directional couplers, respectively. 
[Claim 5] A directional coupler is excitation Ught source equipment according to claim 4 
characterized by considering as a melting type fiber coupler. 

[Claim 6] A Mach TSUENDA interference pattem multiplexing means is excitation light 
source equipment according to claim 4 characterized by forming by the optical waveguide 
circuit. 



[Claim 71 An optical multiplexing means is excitation light source equipment according to 
claim 2 or 3 characterized by considering as a melting type tiber coupler. 



[Translation done.] 



